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Introduction

A chemically homogeneous allergen is a prerequisite for the study
(?f the basic mechanism of allergic reactions. Allergens isolated from
fish myogens have been shown to be convenient for model studies of
the.characteristics of the allergenic proteins [4-6]. The isolation of a
major allergen designated DS 22, from the white muscle myogen of
cod (Gadus callarias) has been reported [5]. Some of the chemical
characteristics and immunological properties of this allergenic protein
were recently studied [9]. On 7.5 9, acrylamide disc electrophoresis at
alll(a%inc pH fraction DS 22 gave three fast migrating zones while at
acidic pH it gave one [5, 6]. Double diffusion-in-gel experiments with
one ra-bbit specific antiserum to cod showed [our precipitation lines
occurring in two pairs. In the present study fraction DS 22 was further
separated into allergenic and non-allergenic constituents.

Material and Afethods

Fraction DS 22 was prepared from cod (Gadus callarias) white muscle tissue [4, 5]. An
clect;ofl'(?cusing .column of 110 ml capacity LKB 8101, a power supply LKé 3?:71 .and
ampholine carrier amphol vert 6 i X
Propdukter ho SkahIOI;;,ytSe:’;é)e\:fmg the pH range 3-10 and 4 6 were supplied by LKB

The isoelectric focusing technique described by VesterberG and Svensson [19] was
follov'v?d Pilot experiments were performed to find out the most suitable cxperiment;\‘l
cond‘mons and the desired pH range of the ampholytes. Different concentrations of urea
or dimethyl formamide as solvents were tried and 8 M urea was finally used Carrie‘r
ax}npholytes of pH range 4-6 were uscd in a concentration of 2 g%- 20 mg of‘DS. 22 were
dissolved in one of the fractions which was located approximately in the n;iddle of the iso-
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clectric fractionation column. The experiment took 60 h and was performed at +4°, When
the electrofocusing was terminated the zones of the allergen subcomponents were easily seen
in visual light by the refraction difference between them and the rest of the column medium.
Fractionation was performed with a flow rate 1-2 ml according to the location of the peaks.
‘t'he pH of each traction and its UV absorption at 280 nm in quartz cuvets of 10 mm light
path length, were recorded. The zones were collected and dialysed against running de-
ionized water for 48 h. To assure the separation of the ampholytes from the allergenic
proteins the dialysis bags were introduced into a glass electrodialysis column 800 x 45 mm.
A continuous flow of 10 | fresh phosphate bulfer (0.1 M and pH 7.4) was maintained during
the 6-hour dialysis time. A d.c. potential of 1,000 V was applied between the ends of the
column. When the dialysis was completed the fractions were lyophilized and stored at -20°
for further investigations. The major fraction separated was re-run on the isoelectric
focusing column using the same experimental conditions. The isoclectric location of this
fraction was re-estimated.

Disc electraphoresis was performed in 7.59%, acrylamide gel according to Davis [8],
200300 pg were dissolved in 200-400 ul of 6% sucrose solution and applied on the acryl-
amide discs. Mixtures of some of the separated fractions were also applied.

Specific antisera to cod were raised in rabbits and collected as described elsewhere [2].
Immunodiffusion was performed as outlined before | 1] by the method of OucHTERLONY [16],
in a | mg/ml protein concentration of the different fractions.

Immunoelectrophoresis was done according to the method of GrapAr and Wiriams [12]
utilising the micro-technique described by Schemkeceer {18] with the modifications out-
fined by Hirscurerp [14]. The LKB outfit was utilised. The rest of the equipment and
reagents were supplied as outlined in preceding papers [3, 6].

Allergenic activity of the fractions was studied by means of direct skin testing on cod
allergic patients and controls, and with passive transfer tests as described before [2, 4, 5, 6].
Before biological activity tests were performed the material was sterilized by Millipore
filtration [2] and dilutions were made with 0,99, NaCl solution containing 0.5%, phenol
to a final concentration of 2 mg¥, of the respective material. For the present study the
material was tested in 6 patients shown to be allergic to cod and possessing skin test reactivity
to the allergens eliciting the allergic symptoms {5]. The material obtained from 4 different
separation experiments was also used in skin tests on 6 control patients, not allergic to cod,
but possessing skin reactivity to other allergens. Oral challenges on fish hypersensitive
patients, were not performed in this experiment because previous challenges of the cod
hypersensitive patients with DS 22 have elicited so fierce reactions that further provocations
were considered unwarranted [5] and good correlation has been established between
clinical hypersensitivity to cod and positive skin test reactions to dilute cod extract in the
fish allergic patients [3].

Results

Allergen Fractionation

"The trials performed to estimate the most suitable pH range of the
ampholyte, by using a wide pH range (3-10), gave two fractions
having isoelectric points of 3.70 and 4.90. With use of the ampholyte
of pH range 4-6, five minor fractions and a major onc were isolated
from fraction DS 22 and were characterized by their pl values
(table I). The calculated pl values were an average of 5 identical
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Fig. 1. 'The isoelectric fractionation of DS 29.
Table 1. pl values of the constituents of DS 22 and their percentage of the total yield
Mean pl value # standard deviation Percent of the total weight Designation
9.60£0.10 6.18 Fr. pI  9.60
5.0040.05 20.90 Fr. pl  5.00
4.85+0.04 1.35 Lr.pl 4.8
4.75+0.03 50.71 Fr.pl 4.75
4.40£0.01 10.19 Fr.pl 440
<3.00 10.76 Fr. pI<3.00

experiments. A graph for the OD at 280 nm and pH gradient versus
the fraction number was plotted from one of the trials (fig. 1). The
cifect of change of temperature from -+2 to +13°C was investigated
in 6 experiments and was found of negligible influence on the estimat-
ed pl values. Fr. pI <3.00 migrated into the anode solution, there-
fore, it was difficult to determine its isoelectric point precisely. After
re-run of Fr. pl 4.75 on the isoelectric focusing column, this fraction
reappeared as one single zone at the same isoelectric point as before
(fig.2).

On 7.5% acrylamide disc electrophoresis at pH 8.3 cach of the sub-
components gave one single band, except in the case of Fr. pl 4.40 in
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Fig. 2. The isoelectric focusing rexun of Fr. pl 4.75 under identical conditions to those used

for DS 22 separation.

which two more slowly migrating 0011tami11?t11F bands were C{bscrve?)d
in the gel discs. The run from one batch is illustrated in hg}lrz 8;
Mixtures of two (Fr. pI 4.85, Fr. pl 4.75) and three (Fr. p ; .85
Fr. pI 4.75, Fr. pI 4.40) of the fractions gave two and three bands on
acrylamide discs, respectively. ‘
the;lf:y;ouble di usion-inl-gel analyses showed the presence (:f f;on?c
common antigenic determinants in Fr. pI 4.75 (fig. 4 and 5) as in

DS 22.
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Fig. 3. Disc electrophoresis of the isoelectric focusing constituents frony one batch. a Fr. pl
9.60, b I'r. p1 5.00, ¢ Fr. pl 4.85, d Fr. pl 4.75, ¢ Ir. pl 4.40.

Immunoelectrophoresis experiments showed that the pl 4.75 material
migrated as one band with homogencous mobility but with three
distinct precipitation lines developed against the rabbit antiserum
to cod.

Allergenic activily Fr. pl 4.75 and Fr. pI 4.85 were the most active,
eliciting marked positive skin reactions in all of the cod allergic
individuals (table 1T and III). The degree of the activity was of the
same extent as that of the parent substance DS 22. Some activity was
present also in Fr. pI 4.40, but less than that found in the two active
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1. Fr. pl 5.00 1. Fr pl 485

2. Fr. DS 22 2, Fr DS 22

3. Rabbit 3. Rabbit
antiserum antiserum

1, Fr. pl 475 t. Fr.opl 44

2, Fr. DS 22 2. Fr. DS 22

3. Rabbit 3. Rabbit
antiserum antiserum

Fig.4. Schematic illustration of the results of double diffusion-in-gel of the isoelectric
focusing fractionation proclucts.

ones. Fr. pl 9.60 and Fr. pI 5.00 were inactive in the cod allergic
individuals cliciting only slight irritative reactions in a few instances.
Negative or only minute irritative skin test reactions were elicited by
the materials on the control individuals.

Two passive transfer experiments with DS 22 and with Fr. pI 4.85
and Fr. pI 4.75 as challenging allergens confirmed that the two sub-
components were highly active.

All three materials used at 0.2 mg/100 ml concentrations elicited
very marked wheal and flare (+ 4+ + ) reactions in normal skin
sensitized with serum of cod allergic donor. Comparative quantitation
showed that Fr. pI 4.75 contained an allergenic activity of the same
order as that of DS 22 within the limits of this method. Both material
showed end points activities at 2:10-*4 mg/ml in one series of passive
transfer tests and 2-10-% mg/ml in a sccond serics, with the secrum and
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\ Table I Biological activity of the constituents of DS 22 tested in 6 patients
i
i Material Patient initials
P.H. H. P.W. V. H. G.B.G. ALAL L A o
g : 0.1%, histamine 4+ +++ 4+ +++ 4+ 4+
! H Control solution - - - — _ _
‘ ‘ DS 22 R I e S S T S SRR
i . Fr. pt 9.60 + - - + -
: Fr. pl 5.00 + - + + -
1 4 Fr. pl .85 + +H+ 1 ++ +b 4 + 4+
1 Fr.pl +.75 e T A+ e+ +4++
! : Fr. pl 4,40 ot o+ + o+ + + 4+ + o+
i ; )
pid Table 111. Biological activity of the fractions from different preparations tested in one patient 3
i (AN
Number of preparations 16/68 18/68 22/68 24/68
¥r. pl 9.60 + - - -
Fr. pI 5.00 + - - + :
Fr. pl 4.85 ++ + ++++ ++++ +++ +
J Fig.5. Double diffusion-in-gel of Fr. pI 4.75. Left well: Fr. pI 4.75. Right well: DS 22. j Fr. pI 4.75 Tobt 4t TEt44 T4+t 3
e Middle well: Specific antiserum, ? Fr. }?I 4:40 . + + +4+(+) +++ +4++(+) k1
IR 0.19% Histamine +++ i
i Control solution - %
recipient used. No reaction occurred in the sites sensitized with i
i control serum. Sites on the volar surfaces of the forcarms of a non- between some of the fractions was small, a complete separation was i
zllcrglclvoluntcer were SCIl$ltlZl:d with serum 11‘(.)11.1 the cod-.a‘llerglc achicved by using a slow flow rate during elution.
onor (who lOlCl&llﬁ‘? beef) zmc‘i a (_01111’()1 individual sensitive to The carrier ampholyte concentration had to he raised to 9 g% to
] allergens other than fish. Approximately 24 h later, the recipient ate avoid the precipitation of the focused protein zoncs at their isoclectric
1 Oy~ A4 7R : . 11 - - - . g . .. N .
i 2 mg of fraction pl 4.75 with approximately 100 g of pure beef. i points. This increase had no effect on the pl values obtained [19].
! Within the next 30 minutes, urticarial wheals occurred at all sites ; The nomenclature used is valid only for fractions separated under the
! sensitized with the fish-allergic sera but not in the control serum sites. ! standard conditions defined. The electrodialysis and the prolonged ;
, Passive transfer cross neutralization experiments sl}owcd that ; continuous-flow dialysis were utilised to assure the separation of the
: Fr. pI 4.85 could completely exhaust the reactivity of the sites towards carrier ampholytes from the purified fractions 0
! 3 29 . T 5 Tee verea 1 Teatl . . - ic i ' . a - " . i
i both DS 22 and Fr. pl 4.75 and vice versa, indicating that the allergenic Tn The effect of urea on fish myogen denaturation has been investigat- '
i - - o 9 . N ~oa ot i o 9 a1 H 3 T o .' . . . k.
determinants(s) of the two [ractions and DS 22 are identical or | ed by Konosu ef al. [15] showing that the viscosity and crystallization
] ~ STOSS <10 H y i M « ‘
; completely cross-reacting. properties of the myogen ‘Component 3’ from carp are unchanged
| Discussion ; after treatr'ncn't for 4 h in 8 M urca at room temperature. Fraction ‘
i i DS 22 retains its allergenic activity, and apparently most of its native
‘ The separation of DS 22 into several constituent fractions was ) conformation after dialysis against large volumes of distilled water for

based on difference in their isoelectric points. Although the difference 24 h, subsequent to treatment with high concentration of guanidine !
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hydrochloride or 8 M urea at +4° for 24 h [10]. Acrylamide disc
electrophoresis of the parent material DS 22 at acidic pH, has pre-
viously given one single band [5], therefore, it was found unnecessary
to repeat it at the same pH values with the constituents. The main
constituents separated have shown homogeneity on disc electrophoresis
at alkaline pH. Each has given one single, intense and fast migrating
zone (fig.3). Chemically, Fr. pI 4.75 belongs to the most purified
allergenic proteins reported as indicated by its homogencity in
immunoelectrophoretic mobility, in molecular sieving on Sephadex
columns [5], and in ultracentrifugation [11]. If this fraction contains
contaminants they represent a very small proportion of the whole
preparation. The mixtures of Fr. pl 4.85, Fr. pl 4.75 and Fr. pl 4.85,
Fr. pI 4.75, Fr. pI 4.40 gave two and three bands respectively on the
acrylamide discs. Each of these bands corresponded to onc of the
{ractions which migrated separately due to different charges. Fr. pl
4.75 re-run on the isoelectric focusing column, was isolated as onc
distinct zone located approximately in the middle of the column at the
same isoelectric point as belore.

With antisera obtained from 11 rabbits of the same species only
one precipitation line was formed with DS 22 in immunodiffusion-in-
gel experiments, However, with an antiserum obtained from another
similar rabbit identically immunized, both DS 22 and Fr. pI 4.75
generated more than one precipitation line. These lines may represent
molecular variants of the same protein or two or more antigenic
determinants on different localization of the same molecule, reacting
with distinct antibodies in different zones of equilibrium [7, 13]. The
immunoelectrophoretic mobility of Fr. pI 4.75 was homogeneous,
indicating a mono-covalent structurc of the material in accordance
withtheother chemical parametersdiscussed. However, thismaterial pro-
bably possessesthree antigenic determinantsshown by three precipitation
lines. Other antigenic determinants may also exist on the same molecule
without giving precipitation in the immunodiffusion experiments [13].

A protein molecule is a mosaic of individually specific antigenic
determinants at different sites of the molecular chain. The demonstra-
tion of immunological heterogeneity does not necessarily contradict
with the biochemical purity. It has been claimed that highly purified
proteins when allowed to diffuse against their antibodies in-gel would
form one primary precipitation band which then will act like a barrier
preventing either reactants to pass through [17]. Presupposition for
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this is, however, that the two reactants are used in their optimum
equivalent concentrations and under strict ideal conditions, otherwise
the precipiting band might split into more than one [7]. Whether one
protcin molecule may give more than one precipitation linc or not,
in immunodiffusion-in-gel experiments, is subject of discussion. Two
opposing hypotheses exist as reviewed by Raynaup [17].

As great differences are found hetween animals of the same species,
as to the capacity to form precipitating antibodies against the same
antigenic material, a large number of rabbits has to be immunized to
test cither hiypotheses.

The assay of the allergenic activity by skin testing has shown that
three of the fractions isolated were active. It has previously been
shown that DS 22 contains the major allergen of cod which is respon-
sible for most of the allergic reactions observed when cod is caten,
when cod emanations are inhaled or when cod extracts are used in
skin tests and passive transfer experiments [5]. Passive transfer cross
ncutralization tests showed that fraction pI 4.75 and the parent
allergenic material DS 22 contained the same or completely identical
allergenic determinants. The specificity of the reaginic serum used,
has been demonstrated in preceding work [5]. Fr. pI 4.75 which is the
main purified component, can therefore he considered representative
of the major allergenic determinant(s) of cod. At the same time, it
appears to be the most potent allergenic protein available with
regards to the allergenic activity end points found in two series of the
passive transfer experiments.

The myogens of fish are not represented among mammalian proteins.
Their amino acid composition and their strongly acidic characters are
different from those of human proteins [9]. Such proteins may easily
Iye recognized as ‘foreign’ by the immune system of human individuals,
accounting for the relatively frequent occurrence of immunological
hypersensitivity in a fish-cating population [5].

Summary

Turther purification of a partially purified cod allergen (DS 22), by isoelectric fractiona-
tion resulted in the isolation of one major (Fr. pI 4.75) and 5 minor subconstituents designat-
ed according to their isoelectric points. Fraction pI 4.75 contained the highest yield and
allergenic activity compared to the other fractions and was found to be representative of
the activity of DS 22.
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The isolation and crystallization of a protein fraction (DS 22)
containing the major allergen(s) in cod white muscle myogen has been‘
reported [1, 2]. This fraction was found to contain small amounts of
monosaccharides. The amino acid analysis of this [raction revealed
peculiar composition of the aromatic amino acids with a high pro-
portion of phenyl alanine residues and a low proportion of trypfophan
and tyrosine residues. The molecular weight of DS 22 was estimated
1o be 14,500 by sedimentation and diffusion methods [10]. The effect
of enzymatic degradation on the biological allergenic activity was also
reported [3]. Further purification of DS 22 by isoelectric focus}ng on
carrier ampholytes in a sucrose density gradient resulted in the
isolation of one major aud 5 minor constituents which were designated
according to their estimated isoclectric points. The allergenic activity
and antigenicity of the subcomponents were investigated and an
zlllerg(*nig identity was demonstrated between Fr. pl 4.75 and DS 22
[11]. Fr.pl 4.75 was shown to contain the major allergcn'lc de-
terminant(s) of cod and was considered a suitable representative for
model studies of the allergenic proteins.

The results given below present the chemical composition, the UV
absorption characteristics and the sedimentation analysis for Fr.‘pI
4.75 and for some of the other polypeptides separated by the iso-
clectric fractionation technique,

Material and Methods
Fr. pl 4.75 was isolated from the white muscle myogen of cod (Gadus callarias) as outlined

clsewhere [1, 2, 11]. A ratio-recording spectrophotometer, Beckman DK. 2A was use.d. for
UV spectra scanning. Quantitative amino acid analyzer, Beckman Unichrome was utilized




